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Abstract In 169 Japanese patients with type 2 diabetes
mellitus with blood glucose levels that were inadequately
controlled with diet and exercise therapy alone, or with diet
and exercise therapy plus a sulfonylurea (SU) drug, we
evaluated the safety and efficacy of global standard dose
metformin given up to a maximum daily dose of 2250 mg
for 54 weeks. The changes in HbAlc from baseline to the
final evaluation visit were —1.32 £ 0.76% for metformin
monotherapy and —1.29 £ 0.81% for metformin plus SU,
both significantly lower than baseline. The incidences of
adverse events and adverse drug reactions were 91.1%
(154/169 patients) and 67.5% (114/169 patients), respec-
tively. The most common adverse events were gastroin-
testinal symptoms, and most of the gastrointestinal
symptoms were considered by investigators to be related to
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metformin treatment. An increased blood lactic acid level
was observed in three subjects (1.8%); however, no clinical
symptoms were reported, and there was no increase in
mean lactic acid concentration throughout the evaluation
period. Symptoms of hypoglycemia were reported in
16 patients, all receiving metformin plus SU, but none
received metformin monotherapy. There was a decrease in
mean body weight. Global standard dose metformin may
be useful for maintaining good blood glucose control over
the long term in the treatment of type 2 diabetes mellitus in
Japanese patients.

Keyword Metformin - Long-term treatment - BMI - Blood
lipid level

Introduction

Since the metabolic abnormalities caused by diabetes
mellitus can elicit the onset of microangiopathic (mi-
crovascular) and macroangiopathic (macrovascular) com-
plications, the early detection and prompt treatment of this
disease are vital.

Oral hypoglycemic drugs for the treatment of type 2
diabetes mellitus involve various approaches with the aim
of correcting the deficient action of insulin. The biguanides
are unique among them, in that their main mechanism of
action involves inhibition of gluconeogenesis in the liver.
The biguanide metformin hydrochloride (hereunder, met-
formin) has been used in Japan since 1961. Before April
2009, the approved metformin indication in the Japanese
package insert was to use it only for type 2 diabetic patients
who do not adequately respond to sulfonylurea therapy.
After May 2009, monotherapy has been added to the
metformin indication in the package insert. In the 1970s,
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deaths attributable to lactic acidosis due to the first avail-
able biguanide, phenformin hydrochloride, were reported
overseas and led to phenformin’s withdrawal. On the basis
of these reports, restrictions of the use of metformin were
instituted in 1977-1978. For a long time now, metformin
has been prescribed up to a maximum daily dose of 750 mg
in Japan, whereas it has been used at doses of
2550-3000 mg in other countries, including the US, and in
Europe. Clinical studies in Western countries have yielded
copious evidence showing that metformin has a potent anti-
hyperglycemic action equivalent to that of SU without
causing hypoglycemia or weight gain [1, 2], and it reduces
the risk of onset and progression of diabetes-associated
complications [3], etc. Given these results, the algorithm
for the treatment of type 2 diabetes mellitus jointly pub-
lished by the diabetes associations of the US and Europe
[4] proposes that if type 2 diabetes mellitus is diagnosed
and there are no contraindications such as a severe renal
disorder or intolerability, metformin should be prescribed
together with lifestyle interventions as first-line treatment,
highlighting the key position of metformin in the treatment
of diabetes.

Therefore, to establish an appropriate dosing regimen in
Japanese individuals, we evaluated the efficacy and safety
of metformin (brand name: Metgluco tablets, commer-
cialized by Sumitomo Dainippon Pharma since 2010),
given to type 2 diabetes mellitus patients with blood glu-
cose levels that were inadequately controlled with diet and
exercise therapy alone, or with diet and exercise therapy
plus an SU.

Subjects and methods

This multicenter, open-label, uncontrolled study was con-
ducted at 21 sites across Japan, in compliance with the
Ordinance on Standards for the Conduct of Clinical Studies
on Drugs (GCP) and other relevant notifications.

The HbAlc was measured as the Japan Diabetes Society
(JDS) value and was converted into the National Glyco-
hemoglobin Standardization Program (NGSP) value based
on the conversion table [5]. The subjects were patients
aged 20 years or older, with type 2 diabetes mellitus (with
immediate pre-enrolment HbAlc >6.9% and <12.5% [6])
who, before starting the study drug, were being treated with
an unchanging regimen of diet and exercise alone, or an
unchanging regimen of diet and exercise plus an SU drug at
a fixed dose. Patients with impaired renal function (im-
mediate pre-enrollment creatinine level >1.3 mg/dl for
males and >1.2 mg/dl for females), hepatic function (im-
mediate pre-enrollment AST (GOT) or ALT (GPT) > 2.5
times the study site’s upper limit of normal), cardiovascular
function, or pulmonary function were excluded.

When the blood lactic acid level exceeded two times the
study site’s upper limit of normal, re-examination was
conducted as soon as possible. When the blood lactic acid
level exceeded two times the study site’s upper limit of
normal again, the patient discontinued this study.

Metformin was taken orally, either post-prandially or
immediately pre-prandially, at a starting dose of
500 mg/day, titrated gradually to 1500 mg/day taken in
two or three divided doses. Patients for whom the inves-
tigator concluded that a higher dose was necessary, based
on safety and efficacy considerations, received
2250 mg/day. During the treatment period, 1500 mg/day
was regarded as the maintenance dose, and the dose could
be varied in the range from 750 to 2250 mg/day, depending
on the patient’s need and tolerability.

The primary efficacy endpoint was the changes from
baseline (before starting the study drug) to the final visit in
HbAlc, and the secondary endpoints were the changes of
glycoalbumin (GA), fasting plasma glucose (FPG), fasting
insulin (IRI), total cholesterol (T-Cho), HDL cholesterol
(HDL-Cho), LDL cholesterol (LDL-Cho) and triglycerides
(TG), which were calculated in the same manner. The
efficacy analysis set was the full analysis set (FAS).
Assessments were also made as a secondary endpoint of
the percentage of patients achieving HbAlc levels classi-
fied as excellent or good (<6.9%; hereunder, treatment goal
achievement rate), in accordance with the Guidelines for
the Treatment of Diabetes Mellitus.

Summary statistics and two-sided 95% confidence
intervals (CI) were calculated for each efficacy endpoint.
Hypotheses were not statistically tested in this study, but if
the two-sided 95% CI of a change from baseline did not
include zero, the difference was regarded as significant at
the level of 0.05, two sided, and the change was labeled as
“significant” in this report. No multiplicity was adjusted in
multipoint measurements.

For safety assessments, the numbers of patients with
AEs and ADRs and their incidences, and the numbers of
patients with individual AEs and ADRs, were tabulated by
event and severity, and their incidences were calculated.
Diarrhea, nausea, vomiting, abdominal pain and anorexia
are defined as gastrointestinal symptoms. Changes in blood
lactic acid levels and body weight were also ascertained.

Results

Disposition of patients and patient characteristics
Among the 174 patients enrolled in this study, 5 did not
receive metformin and were excluded, and 169 patients

started treatment with metformin, comprising 83 patients
on diet and exercise therapy alone (metformin
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monotherapy group) and 86 on diet and exercise therapy,
plus an SU drug (metformin plus SU group). Of the 169
patients who started treatment with metformin, 3 were
excluded because they failed to meet the selection criteria
and 1 was excluded because of missing post-baseline
HbAlc values, leaving 165 patients (80 in the metformin
monotherapy group and 85 in the metformin plus SU
group) in the FAS. The frequency distribution for the most
common doses was as follows: 2 patients in the 500
mg/day group (both in the metformin plus SU group), 9
patients in the 750 mg/day group (3 in the metformin
monotherapy group and 6 in the metformin plus SU group;
similarly hereunder), 126 in the 1500 mg/day group (62
and 64 patients) and 28 in the 2250 mg/day group (15 and
13 patients). Comparison of the clinical characteristics of
the patients in the FAS showed that the disease duration
was longer and the percentage of patients aged 65 years or
older was higher (elderly patients) in the metformin plus
SU group than in the metformin monotherapy group
(Table 1). Furthermore, HbAlc, GA, FPG and IRI were all
higher in patients in the metformin plus SU group. There
were no other major differences in patient characteristics.

The safety analysis set consisted of all 169 patients who
received treatment with metformin (83 and 86 patients),
with more than 80% of patients receiving treatment for
>50 weeks. A maximum dose of 1500 mg/day was taken
by 120 patients (60 and 60 patients), and 2250 mg/day was
taken by 43 patients (22 and 21 patients). Thirty-eight
patients (16 and 22 patients) changed from post-prandial to
immediately pre-prandial dosing during the treatment
period, and 131 patients (67 and 64 patients) maintained
post-prandial dosing throughout the treatment period. The
distributions of patients in the safety analysis set and the
FAS were almost identical.

Efficacy
HbAlIc

The time profile of HbAlc levels is shown in Fig. 1.

In the FAS, good blood glucose control was maintained
over the 54-week period, with HbAlc 7.42 £+ 0.88%
(mean =+ standard deviation, similarly hereunder) at base-
line and 6.12 £+ 0.71% at the final visit. The HbAlc level

Table 1 Characteristics of the

. . Monotherapy SU concomitant Total
safety population at baseline n = 83) therapy (n = 86) n = 169)
Male/female 51/32 48/38 99/70
Age (years) 58.0 £9.2 61.3 £9.7 59.7 £ 9.6
<40 1(1.2) 2(2.3) 3(1.8)
>40 to <50 16(19.3) 7(8.1) 23(13.6)
>50 to <60 26(31.3) 25(29.1) 51(30.2)
>60 to <70 34(41.0) 36(41.9) 70(41.4)
>70 6(7.2) 16(18.6) 22(13.0)
<65 61(73.5) 48(55.8) 109(64.5)
>65 22(26.5) 38(44.2) 60(35.5)
Diabetes duration (years) 54+ 6.8 89+72 72+72
BMI (kg/m?) 25.56 £ 4.11 25.07 £ 3.83 25.31 £ 3.96
<25 42(50.6) 46(53.5) 88(52.1)
>25 41(49.4) 40(46.5) 81(47.9)
HbAlc (NGSP) (%) 7.72 £ 0.85 7.96 + 0.91 7.84 £+ 0.88
<74 34(41.0) 25(29.1) 59(34.9)
>7.4 to <8.4 31(37.3) 36(41.9) 67(39.6)
>8.4 <9.4 15(18.1) 19(22.1) 34(20.1)
>9.4 to <10.5 3(3.6) 5(5.8) 8(4.7)
>10.5 to <11.5 0(0.0) 0(0.0) 0(0.0)
>11.5 0(0.0) 1(1.2) 1(0.6)
GA (%) 21.73 £ 3.65 23.29 £ 3.96 22.52 £ 3.88
FPG (mg/dl) 148.8 £ 33.6 161.1 £ 48.7 155.1 £ 423
IRI (pU/ml) 7.23 + 4.40 7.87 £593 7.56 £ 5.23

Data are mean = standard deviation or n (%)

BMI body mass index, HbAIc hemoglobin Alc, NGSP National Glycohemoglobin Standardization Pro-
gram, GA glycoalbumin, FPG fasting plasma glucose, /Rl immunoreactive insulin, SU sulfonylurea
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Fig. 1 Mean HbAc values during treatment. SD values are indicated
by bars. *p < 0.05, change from baseline (no multiplicity adjustment)

decreased significantly, with a change of —1.30 £ 0.78%
(95% CI —1.42 to —1.18%, similarly hereunder) at the final
visit.

Metformin monotherapy

Good blood glucose control was maintained over the
54-week period, with HbAlc 7.69 £ 0.85% (mean =+ s-
tandard deviation, similarly hereunder) at baseline and
6.38 = 0.67% at the final visit. The HbAlc level decreased
significantly, with a change of —1.32 £ 0.76% (95% CI
—1.48 to —1.15%, similarly hereunder) at the final visit.
The treatment goal achievement rates at 14, 26 and
54 weeks and at the final visit were 72.7, 79.7, 82.6 and
80.0%, respectively, showing that continued treatment led
to an increase in the rate of goal achievement and that most
patients achieved the treatment goal. The change in HbAlc
at the final visit for the 15 patients receiving a most com-
mon dose (among the daily doses prescribed for the patient,
the dose taken for the longest time) of 2250 mg/day was
—1.78 £ 1.11%. Furthermore, in patients who were pre-
scribed 2250 mg/day for 12 weeks or longer, the HbAlc
significantly decreased because of the increase in treatment
dose from 1500 to 2250 mg/day (Table 2).

Metformin plus SU

Good blood glucose control was maintained over the
54-week period, with HbAlc 7.95 £ 0.91% at baseline and
6.66 = 0.73% at the final visit. The HbAIc level decreased
significantly, with a change of —1.29 4+ 0.81% (—1.47 to
—1.12%) at the final visit. The treatment goal achievement
rates at 14, 26 and 54 weeks and at the final visit were 57.9,
67.1, 78.9 and 69.4%, respectively. Like the results for
metformin monotherapy alone, continued treatment led to
an increase in the rate of goal achievement, and most
patients achieved the treatment goal. The change in HbAlc
at the final visit for the 13 patients receiving a most com-
mon dose of 2250 mg/day was —1.55 £ 0.70%. Further-
more, in patients who were prescribed 2250 mg/day for
12 weeks or longer, the HbAlc significantly decreased
because of the increase in treatment dose from 1500 to
2250 mg/day (Table 2).

Change in HbAlc at the final visit, stratified by BMI

Change in HbAlc at the final visit, stratified by BMI, was
analyzed as the post hoc analysis. Stratified by BMI (<22,
>22 and <25, and >25; results presented in this order
hereunder), the changes from baseline in HbA1c at the final
visit were —1.33 £0.62% (n=19), —1.18 £ 0.80%
(n =21) and —1.38 & 0.80% (n = 40), respectively, in
the metformin monotherapy group and —1.23 + 0.73%
(n =20), —1.21 &£ 0.74% (n = 26) and —1.38 £ 0.90%
(n = 39), respectively, in the metformin plus SU group
(Fig. 2). In both the metformin monotherapy and the
metformin plus SU groups, differences in BMI had no
effect on the change in HbAlc at the final visit.

FPG, GA and IRI
Metformin monotherapy

Mean values of both FPG and GA were significantly lower
than baseline at the final visit, with changes of

Table 2 HbAlc values in patients prescribed 2250 mg/day of metformin for 12 weeks or longer continuously

HbAlc (%) Monotherapy (n = 17) SU concomitant (n = 15) Total (n = 32)
At baseline 8.55 £ 1.08 835+ 1.39 8.46 + 1.22
At just before increase to 2250 mg/day® 7.26 £ 0.67 742 £ 1.01 7.34 £ 0.84
At last visit dosed 2250 mg/day 6.51 + 0.67 6.74 + 0.98 6.62 + 0.82
Change from at just before increase to 2250 mg/day —0.76 £+ 0.62 —0.68 £+ 0.46 —0.72 £ 0.54
95% CI (—1.08, —0.44) (—0.93, —0.43) (—0.92, —0.53)

Data are mean =+ standard deviation or (lower limit, upper limit)

* All the patients were dosed at 1500 mg/day of metformin at this time
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Fig. 2 Change of mean HbAlc from baseline in each BMI level. SD
values are indicated by bars

—27.4 £ 289 mg/dl (—33.8 to —20.9) for FPG and
—3.96 £ 2.57% (—4.53 to —3.39) for GA. Analyzed by
visit, mean values were significantly lower from 2 weeks,
and the decreases in both FPG and GA were maintained at
14, 26 and 54 weeks. IRI was 7.12 = 4.42 pU/ml at
baseline and 6.44 £ 3.92 pU/ml at the final visit.

Metformin plus SU

Mean values of both FPG and GA were significantly lower
than baseline at the final visit, with changes of
—29.5 £ 36.2 mg/dl (—373 to —21.7) for FPG and
—4.33 £ 2.83% (—4.94 to —3.72) for GA. Analyzed by
visit, mean values were significantly lower from 2 weeks,
and the decreases in both FPG and GA were maintained at
14, 26, 38 and 54 weeks. IRI was 7.88 4+ 5.97 pU/ml at
baseline and 7.58 &£ 6.14 pU/ml at the final visit.

Serum lipids (T-Cho, TG, HDL-Cho and LDL-Cho)
Metformin monotherapy

T-Cho and TG values were significantly lower than base-
line at 54 weeks and at the final visit; however, the LDL-
Cho values at the final visit were not significantly different

from baseline (Table 3). HDL-Cho values at the final visit
were not significantly different from baseline (Table 3).

@ Springer

Metformin plus SU

T-Cho values at 54 weeks and at the final visit were sig-
nificantly lower than at baseline; however, LDL-Cho val-
ues at 54 weeks and at the final visit were not significantly
different (Table 3). The HDL-Cho value at the final visit
was lower than at baseline, but there was no consistent
tendency throughout the treatment period, with non-sig-
nificant differences at 54 weeks. The TG value at 54 weeks
was lower than baseline, but the change at the final visit
was not significant.

Safety
Overall assessment

The incidences of AEs and ADRs were 91.1% (154/169)
and 67.5% (114/169), respectively (Table 4). More than
10% of metformin monotherapy patients or metformin plus
SU patients had experienced gastrointestinal symptoms
[63.9% (53/83) or 59.3% (51/86)], nasopharyngitis [38.6%
(32/83) or 32.6% (28/86)], abdominal discomfort [8.4% (7/
83) or 11.6% (10/85)] or hypoglycemia symptoms [0 or
22.1% (19/86)]. Except for one subject, the investigator
considered all of the nasopharyngitis cases not to be related
to metformin treatment. On the other hand, most of the
gastrointestinal symptoms were considered by an investi-
gator to be related to metformin treatment. All ADRs were
either mild or moderate in severity, and none were severe.
Twelve serious AEs occurred in 10 patients (5.9%), 4 of 60
elderly patients (6.7%) and 6 of 109 non-elderly patients
(5.5%), and investigators considered all of these serious
AEs not to be related to metformin treatment. Analysis of
ADR data by time of occurrence showed no increase in the
frequency or worsening of severity or the occurrence of
new ADRs with long-term treatment.

Gastrointestinal symptoms

Gastrointestinal symptoms led to discontinuation of treat-
ment in ten patients (5.9%), whereas most patients who
experienced such symptoms continued taking the study
drug.

Figure 3 showed the Kaplan-Meier plot for the accu-
mulation incidence of gastrointestinal symptom AEs in
patient groups stratified by the maximum received dose.
The horizontal axis indicated the first observation day of
any gastrointestinal symptom AEs. The cumulative inci-
dences of gastrointestinal symptoms in patients whose
maximum doses were 1500 and 2250 mg/day were similar
and were 61.7% (74/120) and 60.5% (26/43), respectively.
Most of the first gastrointestinal symptoms occurred within
6 weeks.
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Table 3 Blood lipid parameters

(mg/dl)

Monotherapy

SU concomitant

Total

T-Cho
At baseline
Change from baseline at 54 weeks
95% CI
Change from baseline at last visit
95% CI
TG
At baseline
Change from baseline at 54 weeks
95% Cl
Change from baseline at last visit
95% CI
HDL-Cho
At baseline
Change from baseline at 54 weeks
95% CI
Change from baseline at last visit
95% CI
LDL-Cho
At baseline
Change from baseline at 54 weeks
95% CI
Change from baseline at last visit
95% Cl

200.9 =+ 33.0 (n = 80)
—9.5 £ 249 (n = 69)

(—15.5, —3.5)
—9.1 4263 (n = 80)
(—15.0, —=3.3)

140.5 £ 105.6 (n = 80)
—20.7 £ 783 (n = 69)

(=39.5, —1.9)
—20.7 £ 73.6 (n = 80)
(=37.0, —4.3)

56.8 + 13.6 (n = 80)
—0.9 £ 7.7 (n = 69)
(—2.8, 0.9)
—1.4 £ 79 (n = 80)
(=3.2, 0.4)

117.8 £ 29.4 (n = 80)
—59 4228 (n = 69)
(—11.4, —0.4)

—4.9 £ 239 (n = 80)
(=10.2, 0.5)

201.4 + 342 (n = 85)
—7.9 £27.0 (n = 71)

(—14.3, —1.5)
—10.3 £ 27.6 (n = 85)
(~16.3, —4.4)

150.4 & 160.9 (n = 85)
—15.6 £ 63.7 (n = 71)
(=30.7, —0.5)

—25.0 £ 1254 (n = 85)
(=52.1, 2.0)

54.3 4+ 12.9 (n = 85)
1.0+ 740 =71
(=2.6, 0.6)

—1.7 £ 74 (n = 85)
(=3.3, =0.1)

118.8 + 30.4 (n = 85)
—40£226(n =T71)
(=94, 1.3)
—4.5 £ 233 (n = 85)
(=9.6, 0.5)

201.1 £ 33.5 (n = 165)
—8.7 £ 25.9 (n = 140)

(=13.0, —4.4)
—9.7 £ 269 (n = 165)
(=139, —5.6)

145.6 & 136.6 (n = 165)
—18.1 £ 71.1 (n = 140)

(=30.0, —6.2)
—22.9 £ 103.3 (n = 165)
(—=38.8, =7.0)

55.5 4+ 13.3 (n = 165)
—1.0 £ 7.3 (n = 140)
(=2.2,0.3)

—1.5 £ 7.6 (n = 165)
(=2.7, —=0.4)

118.3 £ 29.8 (n = 165)
—5.0 & 22.6 (n = 140)

(-8.7, —1.2)
—4.7 £235 (n = 165)
(=83, —1.1)

Data are mean =+ standard deviation (n) or (lower limit, upper limit)

T-Cho total cholesterol, TG triglyceride, HDL-Cho high-density lipoprotein cholesterol, LDL-Cho low-density lipoprotein cholesterol

Gastrointestinal symptoms either occurred or continued
in the following periods: 29.6% (50/169) at <2 weeks;
41.7% (70/168) at 2-6 weeks; 21.8% (36/165) at
6-10 weeks; 23.6% (38/161) at 10-14 weeks; 30.4% (48/
158) at 14-28 weeks; 20.0% (30/150) at 28-42 weeks;
14.8% (21/142) at >42 weeks. The frequency of occurrence
was highest in the 2—-6 week period, and while the frequen-
cies increased in the 10-14 and 14-28 week periods when
dose levels were increased to 2250 mg/day, they decreased
from 28 weeks onwards. Apart from one patient in the
1500 mg/day population with gastrointestinal symptoms
who reported moderate diarrhea, nausea, vomiting and
anorexia, all other symptoms were mild in severity.

The incidences of gastrointestinal symptom AEs in
elderly and non-elderly patients were 68.3% (41/60) and
57.8% (63/109), respectively, and were similar.

Blood lactic acid levels
Lactic acidosis, an important ADR of former biguanides

such as phenformin, did not occur at all with metformin in
this study. Mean blood lactic acid levels did not show any

clinically meaningful increase throughout the assessment
period, with levels of 10.60 £ 4.27 mg/dl (n = 166) at
baseline, 10.60 £ 4.45 mg/dl (n = 150) at 26 weeks,
1037 £ 434 mg/dl  (n=140) at 54 weeks and
10.28 + 4.29 g/dl (n = 168) at the final visit. Stratification
of blood lactic acid values by age into elderly (=65 years)
and non-elderly patients revealed no difference in the
pattern of occurrence. The maximum blood lactic acid
concentration observed in this study was 39.0 mg/dl in a
55-year-old male patient who was under monotherapy of
2250 mg/day metformin. The AE “blood lactic acid
increased” occurred transiently in three patients (1.8%)
(Table 5). None of the patients had any clinical symptoms
such as respiratory distress or increased drowsiness. In all
three case, the blood lactic acid level in the next mea-
surement recovered to normal range.

Nephropathy and cardiovascular events
Serum creatine levels before and after 54-week treatment

were 0.696 £ 0.161 mg/dl (n = 169) and
0.712 £ 0.173 mg/dl (n = 140), respectively. Serum BUN
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Table 4 Adverse events and adverse drug reactions

Adverse events

Adverse drug reactions

Monotherapy SU Total Monotherapy SU Total
(n = 83) concomitant (n = 169) (n = 83) concomitant (n = 169)
(n = 86) (n = 86)
Adverse events or adverse drug reactions 76 91.6) 78 (90.7) 154 (91.1) 54 (65.1) 60 (69.8) 114  (67.5)
Deaths 0 0 0 0 0
Serious events 7 (8.4) 3 (3.5) 10 G9 0 0 0
Gastrointestinal symptoms® 53 (63.9) 51 (59.3) 104 (61.5) 49 (59.0) 49 (57.0) 98  (58.0)
Hypoglycemia symptomsb 0 19 (22.1) 19 @112) 0 16 (18.6) 16 (9.5
Blood lactic acid increased 3 (3.6) 0 3 (1.8) 1 (1.2) 0 1 (0.6)
Lactic acidosis 0 0 0 0 0
Common adverse drug reactions (occurring >5% of patients in any therapy)
Diarrhea 48 (57.8) 48 (55.8) 9%  (56.8) 46 (55.4) 46 (53.5) 92  (54.4)
Nausea 15 (18.1) 12 (14.0) 27  (16.0) 14 (16.9) 12 (14.0) 26 (15.4)
Abdominal pain 10 (12.0) 9 (10.5) 19 @11.2) 8 9.6) 9 (10.5) 17 (10.1)
Abdominal discomfort 7 8.4) 10 (11.6) 17 (10.1) 6 (7.2) 9 (10.5) 15 (89
Vomiting 7 8.4) 9 (10.5) 16 (95 6 (7.2) 6 (7.0) 12 (7.1
Anorexia 9 (10.8) 18 (20.9) 27  (16.0) 8 9.6) 17 (19.8) 25 (14.8)
Hypoglycemia 0 13 (15.1) 13 7.7 0 10 (11.6) 10  (5.9)

MedDRA/J Ver.10.1

Data are mean =+ standard deviation or n (%)

* Diarrhea, nausea, vomiting, abdominal pain and anorexia are defined as gastrointestinal symptoms

° Hypoglycemia symptoms include hypoglycemia and hypoglycemia-related symptoms, e.g., excessively hungry with sweating, palpitation,

tachycardia, yawning or twilight state

Maximum dose

500 mg (n=2) 750 mg (=4) -------- 1500 mg (a=120) -~
—~100; 2250 mg (a=43) ———— Total (a=169) —-—-—-
&
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=
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Day after start of metformin treatment

Fig. 3 Kaplan-Meier plot for gastrointestinal symptom adverse
events. The patients are stratified by the maximum treatment dose

levels before and after 54-week treatment were
14.74 £ 3.47 mg/dl (n = 169) and 14.45 £ 3.67 mg/dl
(n = 140), respectively. No change of these parameters
was observed during this study. On the other hand, five
cardiovascular adverse events were found in five subjects
in total. Three of the five were palpitation, and the others
were atrial fibrillation and coronary artery disorder. The
incidence of cardiovascular adverse events in this study is
reasonable for a 1-year treatment study in patients with
diabetes mellitus.

@ Springer

Hypoglycemia symptoms

In this study, 19 of 169 patients (11.2%) experienced
hypoglycemia symptoms, a cause of concern with hypo-
glycemic drugs (Table 4). All the hypoglycemia symptoms
were mild in severity. ADRs related to hypoglycemia
symptoms occurred in 16 patients (9.5%). All instances of
hypoglycemia symptoms occurred in patients receiving
metformin plus SU, with none in patients receiving met-
formin monotherapy. Analysis by the maximum dose level
in metformin plus SU showed that the frequencies of
occurrence were similar in the 1500 mg/day population
and the 2250 mg/day population, 12 of 60 patients (20.0%)
and 4 of 21 patients (19.0%), respectively.

The incidences of hypoglycemia symptom AEs in
elderly and non-elderly patients with metformin plus SU
were 18.4% (7/38) and 25.0% (12/48), respectively, and
were similar.

Effects on body weight

The time course of body weight data are shown in Fig. 4.
In the metformin monotherapy group, the changes in body
weight were —049 £2.17kg (—0.98 to 0.00) at
26 weeks, —1.20 £ 2.95 kg (—1.90 to —0.49) at 54 weeks
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Table 5 Details of blood lactic acid increase adverse events

Basal Male/ Age AE  Metformin Duration® Lactic Creatinine  Lactic Creatinine  Lactic Relation to
therapy female start dose at AE  (day) acid level lebel at acid level at AE  acidosis metformin

day  start at baseline baseline level at  (mg/dl) symptoms®  treatment

(mg/day) (mg/dl) (mg/dl) AE (mg/
dl)

Monotherapy Male 55 78 1500 5 12.4 1.13 36.6 1.14 No No
Monotherapy Male 62 189 1500 29 6.2 0.69 23.0 0.64 No No
Monotherapy Female 39 343 2250 36 234 0.44 33.2 0.53 No Unknown

AE adverse event
? From the AE start day to the day confirmed the outcome

Potentially associated with lactic acidosis such as respiratory distress or increased drowsiness

69 69 69 80
71 71 71 85

80 8 8 79 77 77
85 85

75 74 69 71 70 69
73 73 713 71 712 71

Monotherapy (n)

+SU (@ 83 78 76 75

Change of body weight from baseline (kg)

22 2 30 46 50 54 Find

‘Weeks

34 38 4

Fig. 4 Change of mean body weight values during treatment. SD
values are indicated by bars. *p < 0.05, change from baseline (no
multiplicity adjustment)

and —1.03 £ 2.79 kg (—1.64 to —0.42) at the final visit
and in the metformin plus SU group, —0.23 £ 1.83 kg
(—0.66 to 0.19) at 26 weeks, —0.79 £ 2.55 kg (—1.39 to
—0.18) at 54 weeks and —0.68 & 2.40 kg (—1.20 to
—0.17) at the final visit. Body weights were significantly
lower after 26 weeks in the metformin monotherapy group
and after 30 weeks in the metformin plus SU group. In the
metformin monotherapy group, body weight changes in
obesity (BMI > 25) and non-obesity (25 > BMI) patients
at 54 weeks were —2.31 4+ 3.38kg (n=37) and
0.09 + 1.60 kg (n = 32), respectively. In the metformin
plus SU group, body weight changes in obesity and non-
obesity patients at 54 weeks were —0.86 £ 2.70 kg
(n = 35) and —0.72 + 2.44 kg (n = 36), respectively.

Discussion
In this study, we evaluated the safety and efficacy of global

standard dose metformin in long-term treatment at a
starting dose of 500 mg/day and a maintenance dose of

1500 mg/day, with dose variations permitted in the range
of 750-2250 mg/day.

The results showed that metformin exerted a potent anti-
hyperglycemic effect, reducing the HbAlc level from
baseline by more than 1%, and even in long-term treatment
for 1 year, HbAlc continued to stay below 6.5%, with no
attenuation of the effect. Furthermore, the treatment goal of
excellent or good was achieved by high percentages of
patients, 80.0% of those receiving metformin monotherapy
and 69.4% of those receiving metformin plus SU.
According to the UKPDS results obtained overseas [3],
metformin was shown to be effective in patients with high
BMI values. However, since differences in BMI had no
effect on the change in HbA lc at the final visit in our study,
it appears that in Japanese individuals, metformin is also
effective in patients with low BMIs.

The dose was increased to 2250 mg/day in patients for
whom it was concluded that an increase from the mainte-
nance dose of 1500 mg/day was necessary for efficacy and
safety considerations. For both metformin monotherapy
and metformin plus SU, the HbAlc level decreased sig-
nificantly compared with the immediate pre-dose increas-
ing level, and despite the occurrence of gastrointestinal
symptoms when the dose was increased to 2250 mg/day,
there were no major concerns. Additionally, body weights
decreased significantly for patients receiving either met-
formin monotherapy or metformin plus SU. In large-scale
clinical studies such as the UKPDS [7-10], it has been
shown that good blood glucose control leads to lower risk
of onset and progression of macroangiopathic (macrovas-
cular) and microangiopathic (microvascular) complica-
tions. To date, the maximum dose permitted for metformin
in Japan has been 750 mg/day, about 1/3-1/4 of the
approved dose in the Western countries. However, it is
anticipated that using doses above 750 mg/day will provide
evidence on aspects such as the inhibition of macroangio-
pathic (macrovascular) events in Japan, too.

Regarding safety, the main ADRs were gastrointestinal
symptoms such as diarrhea and nausea, but

@ Springer
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discontinuations of the study drug due to gastrointestinal
ADRs were necessary only in a few patients. If gastroin-
testinal symptoms do occur, it should be possible to con-
tinue treatment through measures such as drug holds or
dose reductions, and there appear to be no concerns about
tolerability. However, since the frequencies of occurrence
of symptoms were higher at the start of treatment and when
the dose was increased from 1500 to 2250 mg/day, it will
be necessary to pay close attention to the possibility of
gastrointestinal symptoms at the start of treatment with
metformin or when increasing the dose. Hypoglycemia
symptoms, which are a cause of concern with hypo-
glycemic drugs, were reported for patients taking met-
formin plus SU but not metformin alone, and no severe or
protracted hypoglycemia symptoms occurred.

According to the recent literature, the highest risk for
onset of lactic acidosis is not any medication, but acute
renal failure or severe dehydration [11-13].

The efficacy and safety-related results were similar for
elderly/non-elderly and obese/non-obese patients and were
independent of sex, duration of illness and presence of
comorbidities. The results of our study suggested that the
global standard dose metformin will be useful for many
patients with type 2 diabetes, regardless of age or obesity
status, in whom metformin is not contraindicated.

Hence, it appears that metformin can potentially make a
major contribution to the treatment of type 2 diabetes
mellitus, because administering metformin at doses higher
than up to 750 mg/day, which has been the practice in
Japan for a considerable length of time, will enable the
maintenance of more stringent blood glucose control over
an extended period. However, this study had an open-label
design and had a 54-week treatment period that did not
allow assessment of the effect of treatment on micro- and
macroangiopathic complications. Accordingly, a longer-
term double-blind trial will help to evaluate the inhibition
of the onset and progression of these complications.
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